Background Intraoperative proximal femoral fracture is a risk in total hip arthroplasty (THA) with cementless stems with reported rates of 1.5-27.8%. Certain designs or designs associated with certain types of instrumentation may have higher rates. Questions/purposes We compared the incidence of proximal femoral fracture with two stem and instrument design systems. Methods We retrospectively reviewed 425 patients (457 hips) undergoing primary THAs using a supine, musclesparing approach between February 2007 and April 2009. In 439 cases, a monoblock, broach-only, tapered wedge design stem was used with a single low-profile cutting blade (cutting) calcar mill. Eighteen proximally modular, broach-only, tapered wedge design stems were used with a calcar mill with multiple deep cutting teeth (toothed). Results There were no proximal femoral fractures among the 439 hips using the cutting mill and two intraoperative proximal femur fractures in 18 hips using the toothed mill. Both fractures occurred during calcar milling when the cutting teeth engaged the bone, resulting in a torque of the broach. Conclusions Given the high intraoperative proximal femur fracture rate using the toothed design, and the absence of fractures using the cutting design, we caution against the use of the toothed style. The overall rate using a flat, wedge, tapered design (two of 457 hips or 0.4%) is lower than that associated with previously published designs. Fracture appears directly related to instrumentation.
Introduction
The goal of primary THA is to provide pain relief and longterm survivorship. With the burgeoning interest and published long-term survival better than 90% of cementless THA, more cementless THAs are being performed each year [11, 12] . Intraoperatively, with cementless THA it is important to achieve immediate component stability to reduce early micromotion and encourage bony ingrowth or ongrowth [12] . This involves a tight proximal fill with anatomic medullary components, a tight wedge fit with tapered prostheses, or a ''scratch fit'' in the diaphysis with extensively coated stems. In this quest for component stability, fracture of the proximal femur can occur. Although not exclusive to uncemented femoral components, the Two of the authors (KRB, AVL) received research funding, royalties, and consulting income from Biomet, Inc. The authors have full control over all primary data and agree to allow the journal to review the data if requested. Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
incidence of intraoperative femoral fracture is higher with these designs than in cemented THA with reported rates from 1.5% to as high as 27.8% in cementless THA [3, 4, 10, 13, 14, 16] .
We previously reported a 4.4% risk of intraoperative fracture using a relatively long, double-tapered, cementless femoral component. By identifying these intraoperative cracks, and treating them with cerclage wires or cables, we identified no patients with aseptic failure at 2 to 16 years followup [2] . Although no negative impact on survival or revision rates was associated with these intraoperative fractures, they were associated with increased cost and operative time. There is also the risk that these fractures are inadvertently missed intraoperatively, are not treated with cerclage techniques, and may result in subsequent postoperative periprosthetic fracture requiring revision. Therefore, efforts should be pointed to avoiding these fractures through implant design and instrumentation.
We therefore (1) compared the intraoperative fracture rates using two similar femoral stem designs that use different instrumentation for proximal femoral preparation;
(2) report how they were treated; and (3) compared the rate of fractures using a flat-wedge, tapered stem with that of a longer double-tapered cementless device.
Patients and Methods
Through a retrospective review of our Institutional Review Board-approved arthroplasty database we identified all 425 patients with 457 primary THAs, performed by one surgeon (KRB) using one of two stem designs and one of two types instruments for proximal femoral preparation from February 2007 and April 2009. In 439 hips, a monoblock, tapered, wedge design stem was used (Taperloc, Biomet, Inc, Warsaw, IN). The instrument platform includes a broach-only design and a calcar mill for proximal femoral preparation that uses a single low-profile cutting blade (cutting design; Fig. 1 ). In 18 hips we used a proximally modular, tapered, wedge design stem (M/L Taper with Kinectiv TM Technology; Zimmer, Inc, Warsaw IN). We used this stem when during templating we identified substantial anteversion, a short varus neck, or a long valgus neck; in these cases we believe modularity would be beneficial. The instrument system uses a broach-only stem and a calcar mill with multiple deep cutting teeth (toothed design; Fig. 2 ). The minimum clinical and radiographic followup time was 6 weeks (mean, 9 months; range 6 weeks to 31 months). No patients were lost to followup.
All procedures were performed using the modified Smith-Petersen interval with the patient in the supine position on a standard radiolucent operating table. Both stem and instrument designs use nearly identical instrumentation platforms with the exception of the calcar mill for proximal femoral preparation. A box osteotome is used to open the proximal femur, a starter awl is used to open the medullary canal and lateralize the implant, and then sequentially larger broaches are used to prepare the femoral canal. Once size of the stem has been confirmed using fluoroscopy, the neck resection is finalized using a calcar mill. Fractures were identified and treated intraoperatively at the time of milling the proximal femur.
All patients walked a minimum of 30 feet the day of surgery with assistance and supervision of a physical therapist, using a walker or crutches. Weight bearing as tolerated was allowed for all patients regardless of fracture as previously described [2] .
Routine postoperative protocols allowed for discharge postoperative day 1 or 2 when physical therapy goals were met and the patient was medically cleared. Followup was performed at 6 weeks and annually thereafter and included a routine history and physical examination. Radiographic evaluation at followup included an anteroposterior view of the pelvis and both hips, and a frog-leg lateral of the operative hip. One of two of us (KRB, AVL) examined all postoperative radiographs for obvious subsidence, failure of ingrowth (complete radiolucent line), or extensive mechanical failure. No specific radiographic classification system was utilized, simply objective lack of above mentioned failure modes. Lack of subjective subsidence or failure of ingrowth was assumed indicative of fracture healing. All patients had minimum 6-week radiographs to determine early failure and the two fracture cases had 10 and 13 months followup.
We previously reported an intraoperative fracture rate of 4.4% (58 cases) in 1520 primary THA using a cementless double-tapered, ream and broach stem design (Mallory-Head Porous, Biomet, Inc.) that used a ream and broach operative technique and identical proximal femoral preparation cutting mill to that used here [2] . We examined the difference in proportions of fractures between the two groups and between our previously published experience with a different stem design and the current designs with statistical evaluation using Fisher's exact test for 2 9 2 chi square contingency tables.
Results
We intraoperatively identified two fractures in the 457 hips, an incidence of 0.4%. Neither of these fractures occurred during the first 250 hips and both occurred with the toothed design. During femoral broaching, no apparent calcar cracks occurred in any hip. During calcar milling, a higher proportion (p = 0.001) of intraoperative fractures occurred in the hips in which we used a toothed design compared to those with the cutting design: two fractures in 18 hips versus none in 439, respectively.
Both fractures were type-2, minimally displaced calcar fractures extending to the level of the lesser trochanter and treated with a single cerclage cable [2] . The broach was removed and a cable passed proximal to the lesser trochanter. After tightening the cable, trial reduction with the broach was performed to confirm fracture stability. Final implants were inserted in a standard fashion. All patients were managed with weightbearing as tolerated and routine postoperative protocol as noted. At most recent followup, neither stem associated with an intraoperative fracture demonstrated subsidence and the patients are without hip related symptoms.
The fracture rate was lower (p = 0.001) in the current series of 457 primary THAs performed with a flat-wedge tapered stem design and utilizing broach only instrumentation compared to the historical series of 1520 primary THAs using a cementless double-tapered, ream and broach stem design (0.4% versus 4.4%).
Discussion
Intraoperative periprosthetic femoral fractures are well described, being noted as major challenges as early as 1975 [19] . With the increasing use of cementless technology in THA, a concomitant increase in intraoperative femoral fracture has been seen [2, 5, 18, 20, 21] . We therefore compared the rates of intraoperative proximal femur fracture using two similar stem designs with two proximal femoral preparation devices, reported how these are treated, and compared the rate of intraoperative femur fracture with that of a previously published stem design.
We acknowledge several limitations. First, we had a small number of patients in whom we used a toothed broach. This may represent a bias with greater experience using the cutting device and there may be a learning curve associated with the toothed mill. However, the surgeon has extensive experience with flat-wedge, tapered stem designs and the instrumentation systems are nearly identical in terms of femoral preparation with the exception of the proximal femoral mill. We therefore believe it unlikely that less experience with the toothed mill would explain the difference in fracture rates. Rather, we presume the design of the instrumentation is the cause of fracture. Second, we do not have minimum 1-year followup on all patients in this study group. This report describes an intraoperative event, and we cannot ensure whether the event influenced the long-term survival of the implant. However, we previously reported that identifying and treating a proximal calcar fracture intraoperatively does not affect the longterm survival of the femoral implant [2] .
A number of studies suggest a nondisplaced or minimally displaced proximal femur fracture can be treated with cerclage techniques without affecting the survivorship [4, 7, 10, 14, 16] . At 2 to 16 years followup (average, 7.6 years) of intraoperative proximal femoral fractures in association with a tapered, cementless THA, secured with a cerclage technique, we have previously reported no effect on fixation or implant survivorship [2] . Fractures involving other tapered, cementless designs have also been reported and successfully treated [8, 11, 12, 20] . This is in contrast to a canine fracture model in which the fractures had a negative impact on bone ingrowth despite adequate fixation with cerclage wire [17] . We noted two fractures out of 18 cases in which a toothed mill was used for proximal femoral preparation and no fractures in which a mill with a single cutting blade was utilized in 439 THAs. Both patients with fractures in the current series had an uneventful postoperative course but with short-term followup.
Cerclage techniques with wire or cable increase the hoop stress resistance of the proximal femur and reduce the risk of crack propagation, which explains the success of cerclage cabling in cementless THA [8, 9] . Despite this success and lack of major negative impact on the eventual outcome of primary THA, there are increased costs and increased operative time associated with the use of cables [15] . Additionally, although the overall postoperative results seem unaffected, there can be considerable risk associated with wiring or cabling the femur such as nerve or vascular injury [1] .
The general design of the flat-wedged, tapered titanium stems used in this series was associated with a 0.4% incidence of intraoperative femur fracture. Excluding the group in which the toothed mill was used for calcar preparation, there were no intraoperative fractures. This is in contradistinction to our previous report of 4.4% using a different stem design [2] . Clearly, stem design is intimately associated with the risk of intraoperative fracture revealing a 10fold lower risk when a broach-only, tapered, wedge-shaped design is used.
Previous authors have noted an increase in intraoperative fractures with the advent of minimally invasive or muscle-sparing approaches for THA with one report citing a 6.5% rate during the early learning curve [6] . We identified no fractures occurring in the first 250 cases; only with the use of the toothed calcar mill did intraoperative fractures occur. As noted, a bias may exist if the milling device itself requires a learning curve, but we do not believe this to be the situation based on extensive experience with similar stem designs. As opposed to previous reports of fracture associated with muscle-sparing approaches, these fractures occurred when the toothed broach engaged the proximal femur, catching the bone, and applying violent torque to the broach. This torque caused the proximal femur to break and appeared to be unrelated to surgical approach. While the proximal milling devices were most strikingly different in terms of the bone cutting surfaces (toothed versus cutting [ Figs. 1, 2] ), there were also differences in the length of engagement of the mill onto the broach. The cutting mill incorporates a spring-loaded tube, which may allow the mill to be correctly centered on the broach and slowly applied to the calcar surface with some resistance from the spring. In contrast, the toothed device utilizes a short female connection that offers limited distance to ensure the device is correctly centered and no resistance from a spring mechanism.
The flat-wedge tapered titanium stem appears well suited for use in muscle-sparing, minimally invasive THA. The typical rate of proximal femoral fractures that have been seen with cementless tapered stems has not been observed in over 400 cases. Instead, differences in instrumentation design, namely the design of the calcar mill, appears to be associated with intraoperative fracture. We advise against the use of this toothed style of mill.
